[1] Apatite fission track analysis (AFTA) data are used to bring new light on the long-term and recent history of the Baikal rift region (Siberia). We describe the evolution of the topography along a NW-SE profile from the Siberian platform to the Barguzin range across the Baikal-southern Patom range and the northern termination of Lake Baikal. Our results show that the Baikal-Patom range started to form in the Early Carboniferous and was reactivated in Middle Jurassic-Lower Cretaceous times during the orogenic collapse of the Mongol-Okhotsk belt. Samples located in the Siberian platform recorded a continuous sedimentation up to the early Carboniferous but remain unaffected by later tectonic episodes. The Barguzin basin probably started to form as early as Late Cretaceous, suggesting a continuum of deformation between the postorogenic collapse and the opening of the Baikal Rift System (BRS). The initial driving mechanism for the opening of the BRS is thus independent from the India-Asia collision. AFTA show a late Miocene-early Pliocene increase in tectonic extension in the BRS that confirms previous thoughts and might reflect the first significant effect of the stress field generated by the India-Asia collision.
Introduction
[2] The Baikal Rift System (BRS) (Figures 1 and 2 ) is a key feature of the tectonic evolution of Asia but, despite a large number of geological and geophysical studies, its age and origin are still largely debated. Two main hypotheses are proposed [Sengör and Burke, 1978] : (1) the ''active rift hypothesis'' considers that rifting is induced by the effects of a wide asthenospheric diapir acting on the base of the crust beneath the rift axis [e.g., Logatchev and Zorin, 1987; Windley and Allen, 1993; Gao et al., 2003; Kulakov, 2008] and (2) for the ''passive rift hypothesis'' the BRS is a kind of pull-apart basin opening in response to the India-Asia collision to the south [e.g., Molnar and Tapponnier, 1975; Tapponnier and Molnar, 1979; Zonenshain and Savostin, 1981; Cobbold and Davy, 1988; Petit et al., 1996; Lesne et al., 1998; Petit and Déverchère, 2006] .
[3] Recent geophysical investigations tend to demonstrate that there is no hot mantle plume beneath the Baikal rift [e.g., Ivanov, 2004; Tiberi et al., 2003; Lebedev et al., 2006; Petit et al., 2008] . Furthermore, mantle plume activity is most certainly not sufficient to produce rifting without a prerift favorable structural inheritance . Problems also arise in the ''passive rift hypothesis'' because the indentation of Asia by India mostly generated compressive structures such as the Tibet plateau, the central Asian ranges or large transpressive lithospheric faults like in Mongolia. Only the occurrence of favorably oriented inherited structures along the eastern margin of the Siberian craton can explain the development of extensional structures in this general compressive context.
[4] From the Eocene to the middle Miocene, distributed extension prevailed in Asia within a wide region extending from the Baikal rift to the Okhotsk Sea and to SE Asia and Indonesia. On the eastern and southeastern margins of Asia, major marginal basins opened above the western Pacific subduction zones, and in interior Asia a number of continental rifts developed in northern China and the Baikal rift region. Several studies explored the far-field effects of the India-Asia collision in northeast Asia interacting with subduction-related extension [Kimura and Tamaki, 1986; Davy and Cobbold, 1988; Jolivet et al., 1990 Jolivet et al., , 1992 Delvaux, 1997; Worrall et al., 1996; Fournier et al., 1994 Fournier et al., , 2004 .
[5] Within all these different models, the chronology of reactivation of the inherited structures is a first-order parameter needed to constrain the geodynamic evolution of central Asia. The chronology of the Baikal rift evolution is based on sedimentology data acquired in the various basins forming the rift system, but the onset of formation and the evolution of the topography surrounding the BRS (in the Khamar Daban and Patom ranges for example) have poorly been explored up to now. In the north Baikal rift, this topography does not have a gravity signature compatible with rift shoulders [Petit et al., 2002] and may thus not be directly related to rifting.
[6] The modality of development of the rift itself is also debated. The most frequently admitted idea describes an initial ''slow rifting'' stage lasting from late Oligocene to late Pliocene followed by a ''fast rifting'' stage from late Pliocene to Present [e.g., Logatchev and Zorin, 1987; Logatchev, 1993 Logatchev, , 2003 Mats, 1985 Mats, , 1993 Mats et al., 2001; Petit and Déverchère, 2006] . However, this two-stage development has been questioned by ten Brink and Taylor [2002] on the basis of a deep seismic refraction profile across Lake Baikal.
[7] A first apatite fission track study by van der Beek et al. [1996] highlights the importance of an Early Cretaceous denudation event south of Lake Baikal, in the Primorsky range, the Olkhon area and the Khamar Daban Mountains. However, these authors do not provide information on the older and younger events that possibly affected the region.
[8] In this work, we present new apatite fission track thermochronologic results that help us constrain the time of formation and the evolution of the relief around the northern part of Lake Baikal in the Baikal -southern Patom range and in the Barguzin range. We reconstruct the thermal history of samples collected along a broadly W -E transect running from the Siberian platform to the Barguzin basin across the Baikal -southern Patom ranges and the Baikal rift.
[9] The new data presented in this work describe the successive episodes of relief building, sedimentation and erosion that occurred from the Early Ordovician to Present in the different tectonic units of the transect. They bring new information on the timing, amount and possibly the mechanisms of relief building around the present-day Baikal and Barguzin basins.
Geology and Tectonic Setting of the Baikal Rift System

Archean and Proterozoic History
[10] The basement of the Siberian platform (Figure 1 ) is made of Archean continental crust [e.g., Khain and Bozhko, 1988; Dobretsov et al., 1992; Delvaux et al., 1995a; Gusev and Khain, 1996] . Around 1900 -1700 Ma the Siberian Figure 1 . Simplified map of the various terranes and structures of eastern Siberia and northern Mongolia. The major tertiary and quaternary basins are also indicated. Position of the structures and terranes were determined using maps from Delvaux et al. [1995a Delvaux et al. [ , 1997 , Gusev and Khain [1996] , and Malitch [1999] .
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JOLIVET ET AL.: AGE OF THE BAIKAL RIFT craton grows by the accretion of Archean blocks, which induces compressional deformation, plutonism, and metamorphism [e.g., Gusev and Khain, 1996] . During the Riphean, rifting occurs in several places leading to the formation of intracontinental basins and of a passive margin along the southern border of the craton, north of the PaleoAsian ocean [Zonenshain et al., 1990a [Zonenshain et al., , 1990b Dobretsov et al., 1992; Belichenko et al., 1994; Delvaux et al., 1995a; Gusev and Khain, 1996] . Several microcontinents are scattered in this ocean: the Khamar Daban, Barguzin, Tuva-Mongolia, and Kansk-Derba blocks (Figure 1 ) Melnikov et al., 1994; Delvaux et al., 1995a] . In the late Riphean, a thick series of flysch deposited in the Bodaibo region marks the onset of passive margin inversion. However, this deformation does not appear to affect the area extending southward from the Patom zone to the Siberian platform [Gusev and Khain, 1996] . Docking against the craton of the various terranes wandering in the Paleo-Asian ocean starts in the Vendian [Delvaux et al., 1995a] and causes the formation of large foredeeps along the southern margin of the Siberian platform, which accumulate sediments until the Early Silurian [Melnikov et al., 1994] .
Vendian and Paleozoic History
[11] Thick Vendian molasses deposits in the MamaBodaibo area (Figure 1) , as well as a 600 -550 Ma metamorphic and plutonic event recorded in the BaikalMuya ophiolite belt indicate that the Barguzin block collides with the Siberian platform in Vendian -Early Cambrian times [e.g., Delvaux Figure 2 . General topography, geography, and fault pattern of the Baikal area with details of the areas sampled in this work. Samples numbers and ages from our study are indicated. Ages from van der Beek et al. [1996] are also noted.
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JOLIVET ET AL.: AGE OF THE BAIKAL RIFT et al., 1995a; Gusev and Khain, 1996] . In the Late CambrianEarly Ordovician, the Tuva-Mongolia microcontinent collides with the Angara-Lena plate (Figure 1 ) on the southern margin of the Siberian platform, separating the Paleo-Asian ocean in two branches: the paleo-MongolOkhotsk to the east and the western Paleo-Asian ocean to the west [Zorin et al., 1993; Delvaux et al., 1995a] . This episode coincides with a stage of regional metamorphism dated around 530-485 Ma along the eastern margin of the platform [Bibikova et al., 1990; Sryvtsev et al., 1992; Bukharov et al., 1992; Fedorovskii et al., 1993] . A Late Silurian -Early Devonian deformation phase possibly related to the collision between the Dzhida island arc and the Tuva-Mongolia and Khamar Daban -Barguzin blocks affects the area between the southeast margin of the Siberian platform and the Khamar Daban -Barguzin block [Gibsher et al., 1993; Delvaux et al., 1995a] . After this episode, a new subduction zone develops behind the accreted terranes, followed by a massive granite emplacement (the AngaraVitim batholith) (Figure 1 ) in the Dzhida, Khamar DabanBarguzin and Stanovoy regions. Granites yielded U-Pb and Rb-Sr ages ranging from 285 to 339 Ma [Yarmolyuk et al., 1997] . This magmatic episode marks the final closure of the Paleo-Asian ocean [Delvaux et al., 1995a] . By Late Carboniferous a subduction-accretion wedge develops south of the Dzhida, Khamar Daban -Barguzin and Stanovoy terranes, which is afterward dismembered along strike by later tectonic movements [Zorin, 1999] .
[12] The main tectonic structures of the Baikal-Patom and Zhuya fold-and-thrust belts seem to develop at the end of this episode of subduction and collision. However, except some small outcrops of Devonian sediments along the remote northern edge of the Patom belt, no sediments derived from the erosion of these reliefs have remained preserved. Consequently the tectonics of the Baikal-Patom belt is not precisely dated.
[13] The lack of post-Silurian sediments makes it very difficult to describe the evolution of the Siberian platform during middle-late Paleozoic. However, except on its margins, the Siberian craton remained stable during most of the Paleozoic and the outcropping Ordovician and Silurian series are only weakly deformed [e.g., Gusev and Khain, 1996; Cocks and Torsvik, 2007] .
[14] West of the Khamar Daban area, western Mongolia collides with Siberia in the Early Permian [Zonenshain et al., 1990a; Nie et al., 1990] which marks the beginning of closure of the Mongol-Okhotsk ocean (Figure 1) . By early Late Permian -Early Triassic, north China collides with Mongolia forming the Mongolia -north China continent [Zonenshain et al., 1990a; Zhao et al., 1990; Enkin et al., 1992; Zorin et al., 1993 Zorin et al., , 1994 Zorin, 1999; Lin et al., 2008] .
Mesozoic History
[15] In the Khangay zone, granitoid magmatic activity continues from Late Permian to Early Jurassic times [Filippova, 1969] indicating continuous subduction of the Mongolia-north China margin under Siberia and thickening of the crust [Zorin et al., 1990] .
[16] In the early Middle Jurassic, marine sedimentation in the Trans-Baikal region is replaced by syntectonic conglomerates, gravels and sandstones of continental origin [Mushnikov et al., 1966; Ermikov, 1994] . This seems to indicate the final closure of the Mongol-Okhotsk ocean and the development of the Mongol-Okhotsk orogen. However, using paleomagnetic data, Enkin et al. [1992] and Metelkin et al. [2007] calculated that by late Middle -early Late Jurassic, the Mongol-Okhotsk ocean was not completely closed and might still be up to 1000 km wide. The oceanic basin was closing from west to east due to a clockwise rotation of the Siberian block relative to Mongolia [e.g., Kazansky et al., 2005; Metelkin et al., 2004 Metelkin et al., , 2007 . Rotation of Siberia induced large strike-slip motion that induced extension in the Trans-Baikal area [e.g., Delvaux, 1997; Metelkin et al., 2007] . Only by the Early Cretaceous, the concordance between the paleomagnetic poles of Siberia, Europe and Southeastern Asia indicates the complete closure of the Mongol-Okhotsk ocean [Kravchinsky et al., 2002; Metelkin et al., 2004 Metelkin et al., , 2007 and the continental collision.
[17] The compressive deformation associated to the closure of the Mongol-Okhotsk ocean is recorded in the whole Sayan-Baikal belt (Figure 1 ) [Ermikov, 1994; Delvaux et al., 1995a , Delvaux, 1997 . On the southern and eastern margins of the Siberian platform, the SayanAngara and Stanovoy foredeep basins develop and EarlyMiddle Jurassic continental molasses accumulate (Figure 1 ).
[18] Apatite fission track data obtained from the southern end of Lake Baikal suggest that synorogenic exhumation takes place during the Early Cretaceous in that area [van der Beek et al., 1996] . Farther to the west, in the lake Teletskoye region (northern Altay) (Figure 1 ), apatite fission track data [De Grave and Van den haute, 2002] record a Early Cretaceous cooling event that induced up to 1500 -2000 m of denudation. As for the Late Carboniferous topography of the Patom range, there is no indication of Jurassic or Cretaceous sediments preserved along the western margin of the Baikal range. This is largely inconsistent with the existence of a tectonic relief in that area, but also with the evidences of denudation reported by van der Beek et al. [1996] . One possibility would be that the sediments produced by erosion of the Patom and Baikal ranges have been transported by a river system similar to the present-day Lena river system (i.e., the Lena river drainage system including numerous tributaries draining the Patom and Baikal ranges), to the Vilui basin and the Arctic ocean (Figure 1 ) where Jurassic and Cretaceous detrital deposits are found [e.g., Prokopiev et al., 2008; Spicer et al., 2008] .
[19] In late Late Jurassic and Early Cretaceous, prior to or possibly contemporaneously to the final collision along the eastern termination of the Mongol-Okhotsk suture zone, intensive extensional deformation leading to the formation of basins and metamorphic core complexes affects a huge area encompassing the southern margin of the BaikalVitim terrane, the Transbaikal area of the Mongol-Okhotsk belt, southern Mongolia and northern China [e.g., Zheng et al., 1991; van der Beek et al., 1996; Davis et al., 1996 Davis et al., , 2001 Davis et al., , 2002 Webb et al., 1999; Zorin, 1999; Darby et al., 2001b; Meng, 2003; Fan et al., 2003; Wang et al., 2006] . This extension is associated with intensive magmatism and plutonism [e.g., Tauson et al., 1984; Rutshtein, 1992; Gusev and Khain, 1996; Chen and Chen, 1997; Graham et al., 2001] . The chemical and isotopic composition of these magmas indicates a mixture between a crustal and a mantle source [Tauson et al., 1984; Shao et al., 2001; Yarmolyuk and Kovalenko, 2001; Fan et al., 2003] . Collision between Siberia and the Mongolia -north China block leads to a strong compressive deformation recorded in Mongolia and north China [e.g., Zheng et al., 1996 Zheng et al., , 1998 Song and Dou, 1997; Chen, 1998; Jin et al., 2000; Darby et al., 2001a; Yang et al., 2001; Lin et al., 2008] . The Mongolian crust is then strongly thickened, reaching up to 60 km in the Khangai belt of central Mongolia [e.g., Zorin, 1999; Zorin et al., 1993 Zorin et al., , 2002 Suvorov et al., 2002] . This overthickening of the crust probably causes large body forces responsible for postorogenic collapse [Graham et al., 2001; Fan et al., 2003] .
[20] However, the mechanism responsible for the late Late Jurassic -Cretaceous extension is still debated and several alternative models have been proposed: back-arc extension caused by rollback of the subducting paleoPacific plate [Watson et al., 1987; Traynor and Sladen, 1995] , magmatic underplating [Shao et al., 2000; Ren et al., 2002] , gravitational collapse of the overthickened crust [Graham et al., 2001; Fan et al., 2003] , transtensional faulting related to extrusion tectonics [Kimura et al., 1990; Ren et al., 2002] , break-off of the northward subducted Mongol-Okhotsk oceanic slab [Meng, 2003] , shear delamination of the lithosphere and mantle upwelling [Wang et al., 2006] .
Cenozoic History
[21] During Late Cretaceous -Paleogene, a planation surface develops in the southeastern Baikal and western Transbaikal regions, covered by a lateritic-kaolinic weathering crust [Mats, 1993; Kashik and Masilov, 1994; Logatchev et al., 2002] . Meanwhile, the extension that was active during the Mesozoic is still going on. The formation of the South Baikal Depression in Late Cretaceous -early Paleogene [Logatchev et al., 1996; Logatchev, 2003 ] is considered by Tsekhovsky and Leonov [2007] as the onset of extensional tectonics in the future Baikal rift. Other smaller depressions sometimes associated with weak volcanism start to develop in the western Transbaikal region [e.g., Bazarov, 1986; Logatchev et al., 1996; Yarmolyuk and Ivanov, 2000; Mats et al., 2001] . Late Cretaceous-Eocene sediments are found in the north Baikal and Tunka basin [Mats, 1993; Scholz and Hutchinson, 2000] , but are probably derived from in situ erosion rather than real rift sedimentation [Kashik and Masilov, 1994] .
[22] In the late Oligocene -Miocene, rifting of the BRS starts in the Tunka, north Baikal and central Baikal basins [e.g., Mats, 1993 Mats, , 1985 Mats et al., 2001; Logatchev, 1993 Logatchev, , 2003 . From late Oligocene to early Pliocene, the ''slow rifting'' phase is characterized by the dismembering of the planation surface by tectonic extension, leading to the formation of numerous grabens in Baikal and Transbaikal region. Within the Baikal area, this initial phase is characterized by fine grained sandstones, coal-bearing molasses, lacustrine clays and siltstones typical of a slowly subsiding wide lakes environment [e.g., Nikohyev et al., 1985; Moore et al., 1997; Levi et al., 1997; Mats et al., 2000] . These sediments are sometimes folded and faulted, especially within Lake Baikal [e.g., Levi et al., 1997] . Simultaneously, thick alkaline and subalkaline basalt sequences (mostly Miocene in age) are emplaced in the Udokan, Vitim and Khamar Daban region [Kiselev et al., 1978; Bazarov, 1986 ; S. V. Rasskasov et al., Late Cenozoic volcanism in the Baikal Rift System: Evidence for formation of the Baikal and Khubsugul basins due to thermal impacts on the lithosphere and collision-derived tectonic stress, paper presented at SIAL III: The Third International Symposium on Speciation in Ancient Lakes, Russian Academy of Sciences, Irkutsk, Russia, 2 -7 September 2002]. Chemical and isotopic data obtained from Mongolian basalts indicate that these lavas formed at a depth of at least 70 km from recently metasomatised lithosphere [Barry et al., 2003] .
[23] The ''fast rifting'' phase, which is still going on, starts in the late Pliocene with the rapid development of the whole Baikal rift (deepening and extension), and the onset of relief building in the Baikal and Transbaikal region [e.g., Hutchinson et al., 1992; Delvaux et al., 1995b Delvaux et al., , 1997 . The transition between the first and second phase is marked by middle to upper Pliocene coarse-grained sandstones and conglomerates (the Anosov formation onshore) unconformably overlying the Miocene formations [Nikohyev et al., 1985] . These sediments are recognized in nearly all basins of the rift system suggesting that the present-day geometry was acquired at that time [Petit and Déverchère, 2006] . However, Mats et al. [2000] suggested that the transition between ''slow rifting'' and ''fast rifting'' is diachronous, starting in upper Miocene (10 -7 Ma) in the deepest areas and progressively onlapping on the relief up to 4 Ma. The ''fast rifting'' phase corresponds, in the deep north Baikal basin to a thick series of turbidites [Kuzmin et al., 2000] appearing as parallel, continuous reflectors onlapping on the older, coarser units with an angular and/or erosional unconformity [e.g., Moore et al., 1997] . Using paleomagnetic data, Kuzmin et al. [2000] dated the unconformity around 2.5 Ma.
[24] On the basis of fault slickenslides measurements in recent sediments, Delvaux et al. [1997] proposed that from Oligocene to middle Miocene, a transpressive strike slip regime prevailed with a maximum horizontal stress oriented NW -SE in the Tunka basin and NE -SW in the Barguzin and central Baikal basins. The regional stress regime switches to transtension or pure extension during upper Miocene probably due to a general kinematic reorganization of the Baikal rift system. Vassallo et al. [2007] and Jolivet et al. [2007] showed using fission track data that the Cenozoic uplift of the Gobi Altay initiated around 5 ± 3 Ma due the propagation of the compressive deformation from the south. Similar evidences of increase in cooling rates are reported by De Grave and Van den haute [2002] from the lake Teletskoye area of northern Altay and by Delvaux et al. [1995b] in the Kurai-Chuya depression again in Altay. Finally, Larroque et al. [2001] reported evidences of Pleistocene-Holocene inversion of the north Tunka normal fault, implying a continuing increase of the northnortheastward compressive stress.
[25] It is again important to note that if Cenozoic topography indubitably developed along the western margin of the Baikal rift, there are still only few evidences on the Siberian craton of Tertiary sediments that could derive from its erosion. Only Quaternary detrital deposits are mapped along that relief (if we do not take into account the small, thin outcrops of Neogene lacustrine sediments). Even if the initial sedimentation rates were very slow and sedimentation was very diffuse, some of these deposits should have been preserved. Nowadays, the large Lena and Vitim river systems efficiently carry the sediments northward up to the Vilui basin and the Arctic Ocean, whereas only a small amount of the relief area is drained toward the various basins of the BRS.
Apatite Fission Track Analysis
Sampling and Methodology
[26] We collected samples west of Lake Baikal along an E -W section running from the Siberian platform to the lake's shore across the Baikal range ( Figure 2 ). East of the lake, samples were collected along three topographic profiles in the Barguzin range: the Shamanka profile to the north, the Ulzika profile in the central part of the Barguzin range and the Barguzin profile to the south (Figure 2 ). The altitude and position of the samples were monitored using a portable GPS and Russian topographic maps. Samples are essentially granites and gneisses except for samples BA09 and BA10 which are Early Ordovician red sandstones (Table 1) . Apatite samples were prepared for AFT analysis following the standard method [Hurford, 1990] . Mean fission track ages were obtained using the zeta calibration method [Hurford and Green, 1983] with a zeta value of 358.96 ± 4.35 (T. Boisgrollier) or 342.04 ± 19.7 (M. Jolivet), obtained on both Durango and Mont Dromedary apatite standards. Spontaneous fission tracks were etched using 6.5% HNO 3 for 45 s at 20°C. Induced fission tracks were etched using 40% HF for 40 min at 20°C. Samples were irradiated at the OSU facility, Oregon. Fission tracks were counted and measured on a Zeiss Axioplan 2 microscope, using a magnification of 1250 under dry objectives. All ages that will be discussed below are central ages. The results are given in Table 1 together with a complete description of the analytical procedure.
Results
[27] The fission track ages can be divided in three groups corresponding to three morphological zones (Figure 2 ):
[28] 1. On the Siberian platform, the samples have Devonian and Carboniferous ages.
[29] 2. In the Baikal range, all samples except BA04 have middle Jurassic to lower cretaceous ages. Sample BA04 is slightly older (upper Triassic) but the ages of the individual grains appear to be split in two populations which explains the P(c 2 ) value close to 0. This may be due to variable chemical compositions of the apatite crystals [e.g., O'Sullivan and Parrish, 1995; Barbarand et al., 2003 ]. However, the younger age population in this sample gives a mean value around 180 Ma, which is consistent with the ages of the surrounding samples (Figure 3) . The older age population gives a mean value of circa 350 Ma, similar to the age of the Siberian platform. Besides different AFT ages, the Siberian platform and the Baikal range are two different tectonic units marked by a sharp step in the topography (Figure 2 ). Sample BA07 in the center of the Baikal range is younger suggesting either internal differential movements, or stronger or later erosion in the center of the range.
[30] 3. In the Barguzin range, ages are divided in two groups depending on the altitude. The highest samples, between $2150 m (samples W1) and $1300 m (sample b5) provided Paleocene to early Eocene ages. The samples N25 and O13 which were collected at 900 m and 800 m respectively provided early Oligocene (Rupelian) ages. There is no indication of Mesozoic ages in this area. Sample N14 has a slightly older age compared to the others and especially to sample N13 located at a higher altitude and thus potentially older. This, like for sample BA04 may be due to differences in chemical composition.
[31] The three cooling periods are also well illustrated on the age versus altitude and mean fission track lengths plots of all the samples along the section (Figures 4a and 4b ) with a first cooling episode during the late Jurassic -early Cretaceous; a second, stronger cooling event in early Paleocene and finally a third, less documented cooling in early Oligocene. When plotted on a similar graph, the data obtained by van der Beek et al. [1996] confirm the late Jurassic -early Cretaceous episode (Figures 4c and 4d ) which thus appears generalized around the Baikal lake. On the age versus altitude plot (Figure 4d) , data from the Primorski area provide a link between the Mesozoic and Cenozoic denudation events.
[32] The apatite fission track age integrates the whole thermal history of the rocks between $110°C and 60°C. In order to better constrain the cooling history of the three main zones described above, reverse modeling of track lengths distribution has been performed using the AFTSolve software [Ketcham et al., 2000] and the Laslett et al. [1987] annealing model. These models are only valid within the fission track partial annealing zone (PAZ), between 60 and 110°C.
Low-Temperature Evolution of the Siberian Platform
[33] Samples BA10 and BA09 (Figure 5a ) experienced a period of heating from early Ordovician (the estimated sedimentation age) up to late Devonian. This heating, due to burying by continuous sedimentation is higher for sample BA09, which is most probably completely reset. Sample BA09 crosses the 110°C isotherm between 350 and 320 Ma (early Carboniferous). Between 320 and 300 Ma the cooling ) is the probability in % of c 2 for v degrees of freedom (where v is number of crystals minus 1); Var is the age dispersion in %; MTL is the measured mean fission track length in mm; error is 1s (number in parentheses is the total number of tracks measured); FT age is the apatite fission track age in Ma (the pooled age is used when P(c 2 ) < 10% and the central age is used when P(c 2 ) > 10%). Ages have been calculated using the Trackkey software [Dunkl, 2002] . Error is ±2s.
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JOLIVET ET AL.: AGE OF THE BAIKAL RIFT [1996] that complete the data set for the southern part of the Baikal zone. Both sets of samples are coherent on the two types of graphs. See Table 1 in this study and Tables 1 and 2 of van der Beek et al. [1996] for a complete description of the data. [34] Modeling of fission track data provides a temperature versus time evolution of samples BA09 and BA10 that reflects burying and exhumation periods. However, it does not give any direct indication on the vertical position of these samples within the sedimentary section. In order to estimate the amount of sediments deposited on samples BA09 and BA10, we used the thermal history provided by the fission track data as a reference and independently computed the depth/temperature evolution of these samples, taking into account both thermal diffusion and advection such as:
where T is the temperature, t is the time in seconds, z is the depth, k is the thermal diffusivity, and u is the advection velocity (in m s À1 ), negative downward ( Figure 6 ). The initial (before subsidence) thermal gradient is a steady state geotherm for the cratonic crust with a low surface heat flow of 45 mW m À2 . This thermal gradient is then modified during calculation to take into account the advection of material. With those initial conditions, we assume that both samples are located $1000 m beneath the surface, i.e., at a temperature of about 40°C, which corresponds to the mean starting point of the AFT model. We then use a trial-anderror method to compute the temperature-time evolution of both samples until it fits the one predicted by AFT track length models. Best fitting models show that sample BA09 has been buried beneath 4800 m of sediments between its initial location at 460 Ma and its greater depth around 365 Ma. This corresponds to a subsidence rate of 0.05 mm a
À1
. Conversely, sample BA10 is only covered by 2300 m of sediments during the same time span, which gives a much lower subsidence rate (0.024 mm a À1 ). Therefore, around 365 Ma the two samples were vertically offset by about 2500 m.
[35] From the late Devonian, sample BA10 displays a slow, regular cooling which brings it to the upper part of the PAZ (60°C) in early Upper Cretaceous times. The model does not constrain the final cooling of the sample.
[36] Sample BA09 crosses the 110°C isotherm between 350 and 320 Ma (early Carboniferous). Between 320 and 300 Ma the cooling rate decreases and sample BA09, like sample BA10 slowly cools down until reaching 60°C between late Jurassic and early Cretaceous times.
Low-Temperature Evolution of the Baikal Range
[37] Because of the small number of horizontal fission tracks that could be measured, samples BA02, BA03, and BA04 were not modeled. Samples BA08, BA05A, and BA05B ( Figure 5a and Table 1 ) present a rapid cooling event starting between 170 and 150 Ma and ending around 120-110 Ma when the samples either cross the upper limit of the PAZ (BA05B) or continue to cool slowly toward the surface. Sample BA07 (Figure 5a and Table 1 ), younger in age but higher in altitude enters the PAZ later, between 130 and 120 Ma suggesting either differential vertical movements between the three samples, a stronger or a later exhumation in the axial zone of the range. The thermal history of sample BA07 indicates that the rapid cooling event ends around 100 Ma and is followed by a period of slower cooling that can be associated with erosion.
Low-Temperature Evolution of the Barguzin Range
[38] Samples b1 to b5 from the Barguzin profile (near the mouth of the Barguzin basin toward the Centre Baikal basin) cross the 110°C isotherm between 65 and 50 Ma during an episode of rapid cooling which probably brings all the samples to the near surface (Figure 5b ). Sample b5, located at the lowest altitude in the profile remains in the PAZ until late Miocene -early Pliocene times and seems to cool rapidly around 5 to 10 Ma. This last cooling event is also recorded in other samples from this profile (b4, b3, and b1) following a period of reheating possibly up to $70°C after the Eocene cooling (Figure 5b ). However, because it occurred at temperatures close to the upper limit of the PAZ, the Mio-Pliocene exhumation is not well constrained in those last three samples.
[39] Samples from the Ulzika profile (Figure 5c ) display the same initial cooling event as samples from the southern profile. Sample N13 located on top of the profile enters the PAZ around 65 to 60 Ma. Sample N14 located below N13 crosses the 110°C isotherm slightly earlier (around 75 to 65 Ma), but this, like its older fission track age, might be an artifact of the model due to the different chemical Figure 5a . Reverse modeling of apatite fission track lengths for samples from the Siberian platform and the Baikal-Patom range. Models were obtained using the AFTSolve 1 software [Ketcham et al., 2000] . Alt is the sampling altitude, FT age is the fission track age (see Table 1 ), and MTL is the measured mean track length. The dark gray area represents the envelope of all the possible temperature-time curves falling within a 1s error interval from the best fit curve. The light gray area represents the envelope of all the cooling curves falling within a 2s interval. Only the area between 110°C and 60°C (designed as partial annealing zone or PAZ, between the dashed lines on the graphs) is representative. The track lengths histogram is displayed for each sample. L is the track length in mm, Fr (%) is the frequency of measurements in %, and N is the total number of tracks measured. For clarity, reasons the time scale (horizontal) of the temperature-time models varies between the various groups of samples. See text for discussion of the graphs. composition of this sample. On the lower part of the profile, sample N25 enters the PAZ between 50 and 45 Ma, and sample O13 between 40 and 30 Ma. After this initial Eocene to early Oligocene cooling, all the samples (except O13, which is exhumed later because of its position at the bottom of the section) remain in the PAZ between 90 and 80°C and then reach the surface during a rapid cooling event (60 to 70°C in 5 Ma) clearly identified around 5 Ma. This last cooling event is also recorded in sample O13 by a strong increase of the cooling rate. Considering a mean geothermal gradient of 30°C per kilometer, samples N25 and O13 are brought toward the surface at a mean rate of $0.4 to 0.45 mm a À1 within the last 5 Ma and at then 0.03 mm a
À1
between 30 Ma and 5 Ma.
[40] Sample W1 from the Shamanka profile was not modeled because of the small number of horizontal fission tracks that could be measured (Table 1) . Sample W2 (Figure 5b and Table 1 ) is also poorly constrained with only 40 track lengths measurements. However, it displays the same thermal history as samples from the Ulzika profile: a first episode of rapid cooling starting around 60 to 50 Ma followed by a period of slow cooling from late Eocene to late Miocene times and finally a renewed exhumation starting around late Miocene -early Pliocene times.
Discussion
Paleozoic Relief Building in the Baikal and Patom Ranges
[41] On the Siberian platform, samples BA09 and BA10 experience continuous sediment burying from their Early Ordovician deposition age to the Late Devonian -Early Carboniferous (Figure 5a ). By that time (circa 360 -350 Ma) sample BA10 collected well inside the platform is covered by about 3 km of sediments whereas sample BA09 located closer to the Baikal and Patom ranges is covered by about 4 km of sediments ( Figure 6 ). This $100 Ma subsidence episode is coeval with the beginning of accretion of the remote Tuva-Mongolia (Late CambrianEarly Ordovician) and Khamar-Daban blocks (Late SilurianEarly Devonian) [Fedorovskii et al., 1993; Zorin et al., 1993; Gibsher et al., 1993; Delvaux et al., 1995a; Gusev and Khain, 1996] and predates the onset of compressional deformation in the outer Patom region [de Boisgrollier et al., 2009] .
[42] Given the relatively wide distribution of Ordovician detrital sediments, the volume of eroded material may have been important, which would suggests strong and/or widespread topography to the east and south. The lack of an unconformity or any other indication of synsedimentary deformation in the basin indicates that the tectonic effects of the collisions to the south did not affect the basin which was probably far from the mountain range. [43] The thermal history derived from track lengths modeling implies that burying stopped and exhumation started around Early Carboniferous (350 -320 Ma). This change in thermal history is particularly well imaged on sample BA09, which crosses the 110°C isotherm with a relatively rapid cooling rate, which then decreases around the Upper Carboniferous (320-300 Ma) (Figures 5a and 6 ). This cooling episode can be associated with the closure of the Paleo-Asian ocean in the Carboniferous (Figure 7) , which induced folding and thrusting in the Baikal and Patom belts. The rapid cooling rate recorded by sample BA09 in the Early Carboniferous indicates that this deformation affected the Ordovician, Silurian and Devonian sediments of the Siberian platform. Sample BA10 does not displays that initial rapid cooling phase, suggesting that the Carboniferous deformation was less important in the outer domain than at the front of the Baikal-Patom range.
[44] Finally, the thermal history of samples BA10 and BA09 indicates that if subduction along the southern margin of the Dzhida, Khamar Daban-Barguzin, and Stanovoy blocks initiated in Late Silurian -Early Devonian, deformation and relief building of the sedimentary cover of the Angara-Lena plate during Early Carboniferous is most probably related to the subsequent collision coeval to or preceding the emplacement of the Angara-Vitim batholith.
Middle Jurassic-Early Cretaceous Denudation Around Lake Baikal
[45] On the Siberian platform, samples BA10 and BA09 cool slowly and regularly through the late Paleozoic, Mesozoic and early Cenozoic, reaching the upper limit of the PAZ between Jurassic and Late Cretaceous times. This very slow cooling can be related to slow, continuous erosion of the sedimentary cover.
[46] Within the Baikal range, all samples have Mesozoic ages and the four that have been modeled do not provide any indication on the pre-Mesozoic thermal history of the range (Figure 5a ). These results are consistent with the data obtained by van der Beek et al. [1996] in the Primorsky range, the Olkhon block and the Khamar Daban mountains (Figures 2, 4c, and 4d) ; van der Beek et al. [1996] described a rapid cooling of three modeled samples (2 from the Olkhon block and 1 from the Khamar Daban Mountains) around 140-120 Ma that brought the samples from temperatures higher than 120°C to less than 60°C. They interpreted those results as the consequence of a rapid cooling episode during the Early Cretaceous, associated with the closure of the Mongol-Okhotsk ocean and the collision between the southern margin of Siberia and the Mongolia-north China block (Figure 7) . Finally, they suggested that the random variation of their AFT data may be due to local variations in the geothermal gradient mostly driven by magmatic activity [e.g., Ermikov, 1994; Yarmolyuk and Kovalenko, 2001] .
[47] In the Baikal range, our data indicate that the rapid cooling event starts even earlier, during the Middle Jurassic (170-150 Ma) and ends, like reported by van der Beek et al. [1996] during the late Early Cretaceous, around 120-110 Ma (Figure 5a ). The onset of rapid cooling is contemporaneous with the change from marine to continentalderived sedimentation in the Trans-Baikal region [Mushnikov et al., 1966; Ermikov, 1994] and with basin inversion and erosion in China and Mongolia [e.g., Meng, 2003] , which mark the onset of the Mongol-Okhotsk orogenesis. Unlike the data presented by van der Beek et al. [1996] the mean fission track ages of our samples are very consistent across the Baikal range (Figure 2 and Table 1 ) and display (1) an abrupt change in ages between the Siberian platform and the Figure 6 . Model of depth evolution history for the Ordovician detrital samples BA09 and BA10 from the Siberian platform. Depth versus time paths are computed using the mean temperature time path calculated using fission track data ( Figure 5a and Table 1 ) and taking into account both thermal diffusion and advection. See text for discussion of the models and results. range, corresponding to the sharp step in the morphology along the West Patom Thrust; (2) ages of 137 ± 5 Ma and 139 ± 6 Ma on the ''external'' parts of the range; a younger age of 111 ± 6 Ma (sample BA07) in the central part of the range; and (3) older ages of 169 ± 12 Ma and 218 ± 11 Ma immediately near Lake Baikal.
[48] Modeling of sample BA07 (Figure 5a) shows that it crosses the 110°C isotherm around 130-120 Ma later than the other samples from the Baikal range, and would thus have a thermal history similar to the samples analyzed by van der Beek et al. [1996] . The younger age obtained for sample BA07 (Table 1) implies either weaker erosion in that part of the range if sample BA07 comes from a depth similar to the others samples, or differential movements along internal structures during the formation of the relief. The internal part of the range is presently a region of high topography. If the situation was similar during the Mesozoic then we should consider that erosion may have effectively been higher in the central part of the range, therefore, that sample BA07 was exhumed from deeper levels than the other samples. Indeed, sample BA07 was collected very close to the Paleozoic North Baikal Fault (Figure 2 ), which may have been reactivated as a thrust fault during the Mesozoic deformation episode, leading to differential exhumation within the range. This second hypothesis explains the later onset of cooling for sample BA07 but also the fact that cooling of this sample ended slightly later than for the others.
[49] Unlike west of the Baikal range, there is no sharp morphological step between the samples located near the shore of Lake Baikal and those of the ''external'' part of the range to the east (not considering the steep Cenozoic normal faults) (Figure 2) . Still, there is a change in fission track ages implying that the samples located close to the lake have been less affected by the Middle Jurassic -Early Cretaceous cooling. This favors the hypothesis of a reactivation of the North Baikal Fault, which induced renewed exhumation close to the fault and low-relief building associated with low erosion near the present-day lake.
[50] Relief building around Lake Baikal thus starts in the Middle Jurassic in relation with the Mongol-Okhotsk orogeny to the SE. In the Baikal range, relief building is limited to the west by the West Patom Thrust (Figure 2 ) on which is located the present morphological step between the range and the Siberian platform. Inside the range, the North Baikal Fault is most probably reactivated leading to eastward tilting of the eastern part of the range and differential relief building and exhumation. Cooling due to the activity of this fault (relief building and associated erosion) lasts until circa 100 Ma.
[51] Building of a wide relief in the Baikal -southern Patom ranges is contemporaneous with the large-scale extension that follows the closure of the Mongol-Okhotsk ocean SE of the Baikal-Vitim terrane and down to Mongolia and China [e.g., Zheng et al., 1991; van der Beek et al., 1996; Davis et al., 1996 Davis et al., , 2001 Davis et al., , 2002 Webb et al., 1999; Zorin, 1999; Darby et al., 2001b; Meng, 2003; Fan et al., 2003; Wang et al., 2006] . However, the sharp change in fission track ages across the topographic step corresponding to the West Patom Thrust clearly indicates that this fault has been reactivated during the relief building episode. As there is no evidence of normal motion on that fault [Delvaux et al., 1995a [Delvaux et al., , 1997 , the Mesozoic West Patom fault was most probably a thrust fault. Similarly, movement along the North Baikal Fault and eastward tilting of the eastern block suggest a reverse motion on this fault.
[52] The fate of the sediments that are generated during the Middle Jurassic -Early Cretaceous erosion stage remains unsolved. Our fission track data indicate that if any, only a thin (less than a few hundreds meters) sedimentary cover can have been deposited on the Siberian platform to the west. Fission track data from van der Beek et al. [1996] show that during Early Cretaceous, the SW and SE borders of the Baikal rift were submitted to erosion, which precludes any possibility for sedimentation in that area. Farther to the west on the platform and to the south in the Sayan -Angara there is no indication of Late Jurassic or Cretaceous sediments. The only potential sedimentation areas are the Vilui basin north of the Patom belt and the Arctic Ocean. Sediments eroded from the Baikal and Patom ranges would have been transported by a river system similar to the actual Lena and Vitim systems. This hypothesis suggests that the river network remains very constant across Late Mesozoic and Cenozoic times [Prokopiev et al., 2008] .
Late Cretaceous to Quaternary Evolution of the Barguzin Range and Basin
[53] Similar to the samples analyzed by van der Beek et al. [1996] , our data obtained in the Baikal ridge do not provide any indication on the Cenozoic thermal history of the area (Table 1 and Figure 5a ). All of them either cross the 60°C isotherm shortly after the Middle Jurassic -Early Cretaceous event or slowly cool down toward the surface with no marked thermal event. This is consistent with the paleogeographic reconstruction of Mats et al. [2001] : from Paleocene to early Oligocene times, the present-day Baikal range, north Baikal depression and Patom region are occupied by a ''slightly elevated'' denudation plateau with Mesozoic inherited reliefs and covered by a lateritekaolinite weathering crust.
[54] The results are very different in the Barguzin area (Figure 2) , in which only Cenozoic ages are found (Table 1) . Fission track lengths modeling provide a complete thermal history of the eastern side of the Barguzin range from late Late Cretaceous to Quaternary (Figures 5b and 5c) .
[55] The Barguzin basin (Figure 2 ) belongs to the BRS and is limited to the northwest by a series of SW -NE directed en echelon active normal faults that separate the basin ($500 m high) from the up to 2600 m high Barguzin range (Figure 2 ) [e.g., Florensov, 1960; Solonenko, 1968 Solonenko, , 1981 Delvaux et al., 1997; Epov et al., 2007; Lunina and Gladkov, 2007] . To the east, the basin is separated from the Ikat mountains by another set of small-offset SW -NE normal faults. The basin infill is asymmetric with a greater sediment thickness (up to 2.5 km) on its western side near the Barguzin range [e.g., Solonenko, 1981; Nevedrova and Epov, 2003; Epov et al., 2007] . A borehole within the central Barguzin basin crossed the entire Quaternary and Cenozoic series and reached the basement at 1400 m [Florensov, 1982] . The oldest recognized sediments are middle Pliocene clay siltstones and sandstones. Sarkisyan [1958] and Florensov [1960] inferred the existence of a Miocene lake within the basin, but no Miocene sediments have been identified. The recognized upper Pliocene section is made of conglomerates and sandstones. Finally, the Quaternary series are made of unconsolidated conglomerates, gravels, sandstones and siltstones. Several blocks of uplifted basement have been identified within the basin [Florensov, 1960; Nevedrova and Epov, 2003; Epov et al., 2007] . From sedimentary data, the evolution of the Barguzin basin started during middle Pliocene times when the ''fast rifting'' stage initiated in the Baikal rift. The apatite fission track data presented in this work are consistent with the occurrence of a Pliocene phase in the evolution of the basin, and also account for a much longer history.
Late Cretaceous-Eocene
[56] Along the three profiles of the Barguzin basin, all samples located now at the highest altitude cross the 110°C isotherm between about 65 Ma and about 50 Ma during a phase of rapid cooling (Figures 5b and 5c) . This event appears more strongly marked in the Barguzin profile, south of the Barguzin range, where most samples reach the near surface by Eocene times. The other samples do not reach the near surface but remain in the apatite PAZ (b5, N13, N14, or W2) and record a period of slow cooling after the Eocene.
[57] The stronger exhumation in the south of the basin (Barguzin profile) (Figure 5b ) cannot be driven by external processes such as different climate conditions leading to stronger erosion, because the distance between the profiles is too small. It is thus interpreted as the result of differential tectonic uplift between individual basement blocks separated by the SW-NE faults mapped within the Barguzin range.
[58] On the basis of sediment analysis, the onset of rapid rifting in the Tunka, north Baikal and central Baikal basins is dated around late Oligocene -Miocene [e.g., Mats, 1985 Mats et al., 2001; Logatchev, 1993 Logatchev, , 2003 Petit and Déverchère, 2006] . However, Late Cretaceous -Eocene sediments are found in and around the Tunka and north Baikal basins [Mats, 1993; Scholz and Hutchinson, 2000] . A precursor of the South Baikal Depression started to form in Late Cretaceous -early Paleocene [Tsekhovsky and Leonov, 2007] . To the SE, in the southern Vitim area, small grabens such as the Eravna basin contain Late Cretaceous clastic sediments known as the Mokhei Formation [Rezanov, 2000; Skoblo et al., 2001; Tsekhovsky and Leonov, 2007] . These sediments rest with an erosional contact on the Cretaceous kaolinic weathering crust. Rezanov [2000] indicates that during the Paleogene, the northern edge of the Eravna depression was bordered by reliefs while its southern edge was connected with a planation surface.
[59] The strong cooling event recorded by apatite fission track analysis implies that exhumation in the Barguzin range started in the Late Cretaceous. We suggest that this uplift was accommodated, like in the present-day, by vertical motions on the Barguzin fault, though the absence of fission track data east of the Barguzin basin does not allow confirming this hypothesis. In this case, the Barguzin fault could have been in the continuity of the large offset Morskoy fault that bounds the central Baikal basin [e.g., Hutchinson et al., 1992; Petit and Déverchère, 2006] .
[60] The extension that was thought to be restricted to the southern and central Baikal zone and the Vitim area until Oligocene times thus probably reached the northern Barguzin basin in the Late Cretaceous -Paleocene (Figure 7) . South of the Barguzin basin, extension was probably localized in the South Baikal Depression [Tsekhovsky and Leonov, 2007] .
[61] The results of van der Beek et al. [1996] do not show any evidence of late Late Cretaceous -Paleocene denudation NE of the Selenga delta, in the Khamar Daban range. The present-day topography of this area is much lower than that of the Barguzin range, and no large extensional basins are present (Figure 2) . The Late Cretaceous-Paleocene extensional deformation thus appears to have been localized on areas relatively similar to the late Tertiary -Quaternary deformation.
[62] The initiation and development of the Baikal rift zone is generally thought to be either the surface effect of a wide asthenospheric diapir beneath the rift axis [e.g., Zorin, 1981; Windley and Allen, 1993; Logatchev and Zorin, 1987; Gao et al., 2003; Zorin et al., 2003; Johnson et al., 2005; Kulakov, 2008] or more frequently a direct consequence of the far-field effects of the collision between India and Asia farther south [e.g., Molnar and Tapponnier, 1975; Tapponnier and Molnar, 1979; Delvaux et al., 1997; Petit et al., 1996; Petit and Déverchère, 2006] . Alternative models explain the initiation and development of the Baikal rift by complex interactions between the India-Asia collision and the Pacific -east Asia subduction associated to prerift crustal heterogeneities inherited from the long-lasting tectonic history of the region [e.g., Delvaux, 1997] .
[63] If extension does initiate in the Barguzin area during the late Late Cretaceous, prior to the India-Asia collision [e.g., Patriat and Achache, 1984; Besse et al., 1984; Patzelt et al., 1996; Ali and Aitchison, 2006] the driving mechanism of this initial stage cannot be related to the far-field effects of this collision. As most rift-related volcanism is younger than the Paleocene (S. V. Rasskasov et al., presented paper, 2002) , asthenosphere-driven extension is unlikely too. An alternative explanation is that a mechanism similar to the one responsible for the Late Jurassic -Early Cretaceous general extension in the Transbaikal region was still active in the Late Cretaceous and induced the structuring of the Barguzin range and basin, like in the Eravna depression $10 Ma before. This transitional stage was followed by a ''true rifting'' stage during which some of the old depressions were rejuvenated (north and Centre Baikal, Barguzin), others were abandoned (Eravna) and new ones were created (north Baikal basins). Rassakov [1993] proposed that during late Oligocene -early Pliocene, the variations of the stress field in the eastern Baikal Rift Zone might be linked to the Pacific -east Asia active margin. Delvaux [1997] also suggested that compressive intraplate stress field generated by the Pacific -east Asia subduction zone during Oligocene-Miocene times may be at the origin of the ''slow rifting'' stage.
Oligocene
[64] The Paleocene-Eocene rapid cooling event recorded by the apatite fission track data is followed by a period of very slow cooling for the samples located in the upper part of the profiles (samples N13, N14, b5, W2 (Figures 5b and 5c) ). By that time those samples are only submitted to erosion and no more to tectonic exhumation. Simultaneously, the samples located in the lower part of the profiles (N25 and O13) continue to be exhumed both through erosion and tectonic denudation (Figure 5c ). Sample N25 located at 900 m cools down to $85°C by early -middle Oligocene and then stops cooling. Sample O13 located lower down at 800 m crosses the 110°C isotherm around 35 to 30 Ma (early Oligocene). This cooling pattern implies a rapid, tectonic denudation of the lowest samples while the uppermost samples, rapidly exhumed previously, are only submitted to slow cooling through erosion. We interpret it by the progressive exhumation of the samples along a continuously active normal fault. The fact that cooling rates strongly decrease after the initial cooling that brings the samples within the apatite PAZ indicates that surface erosion was probably very low. This, in turn, implies that the relief created in the Barguzin range was mostly preserved and that sediment flux within the Barguzin basin may have been limited. This is consistent with the low sedimentation rates observed in the north and central Baikal basins during the same period [e.g., Nikohyev et al., 1985; Moore et al., 1997; Levi et al., 1997; Mats et al., 2000] .
Late Miocene -Quaternary
[65] Final cooling of the samples happens in the late Miocene-early Pliocene (i.e., around 5 Ma). A dramatic increase in cooling rate is recorded around 5 Ma by samples b5, N13, N14, and W2 located in the upper part of the three profiles (Figures 5b and 5c ). The last cooling event is not strongly constrained in these samples because it takes place in the uppermost part of the apatite PAZ. On the contrary, the 5 Ma event is clearly visible on samples O13 and N25 located in the lower part of the profiles. This increase in cooling rate along the eastern margin of the Barguzin range is contemporaneous with the onset of the ''fast rifting'' phase in the Baikal [e.g., Hutchinson et al., 1992; Delvaux et al., 1997; Petit and Déverchère, 2006; Mats et al., 2000] and the initiation of the north Baikal basin [e.g., Hutchinson et al., 1992; Delvaux et al., 1997; Petit and Déverchère, 2006] (Figure 7) . At a regional scale, the early Pliocene marks the onset of renewed tectonic activity in Gobi Altay, Altay, and Sayan ranges generated by the northward propagation of the compressive stress generated by the India-Asia collision [Delvaux et al., 1995b; De Grave and Van den haute, 2002; Vassallo et al., 2007] . PleistoceneHolocene inversion of the north Tunka basin implies that the SW-NE directed compression reaches the Baikal Rift Zone at that time [Larroque et al., 2001] . The initiation of the ''fast rifting '' phase may thus follow an initial ''lithosphere weakening'' stage that initiated in the late Late Cretaceous-early Paleocene and result from the arrival of the SW -NE compression generated by the India-Asia collision to the south. Compared to the wide Cretaceous collapse area, the present-day rift is much more localized. Therefore, if Cretaceous extension did initiate some early rift basins, only those which were favorably located and oriented could further develop during the true rifting stage. Their location close to the border of the Siberian craton is probably the key factor that controlled their long-lived development.
Conclusion
[66] The main phases of tectonic deformation and relief building recorded in the Baikal Rift Zone by apatite fission track thermochronology can be summarized as follows (Figure 7 ):
[67] 1. To the west, the Siberian platform experiences a continuous but slow sedimentation from at least the Early Ordovician to the Late Devonian. During that time, a maximum of about 4 km of sediments are deposited along the Baikal and southern Patom ranges. However, given the relatively wide spreading of those sediments over the platform, the volume of eroded material may have been important, which would indicate strong and/or widespread reliefs to the east and south.
[68] 2. Exhumation of the Early Ordovician series starts in the Early Carboniferous due to a continental collision that follows the subduction initiated in the Late Silurian -Early Devonian by the subduction along the southern margin of the Dzhida, Khamar Daban, Barguzin and Stanovoy blocks. The deformation front is probably located along the Baikal fault zone. No sediments associated to this tectonic phase are preserved on the platform.
[69] 3. A second phase of deformation that does not affect the Siberian platform is then recorded in the Baikal range. It starts during Middle Jurassic times, around 170 -150 Ma contemporaneously with the onset of the Mongol-Okhotsk orogeny to the west. Deformation and relief building are mostly driven by reactivation of inherited faults such as the frontal Baikal fault zone and the more internal North Baikal Fault. Those movements lead to differential exhumation. This deformation and relief building episode probably ends around 100 Ma in the Baikal -southern Patom area. Like in the Carboniferous, the sediments derived from the erosion of the Jurassic -Cretaceous reliefs are not identified on the platform around the Patom range but may have been transported northward to the Vilui basin.
[70] 4. The third tectonic event is recorded in the samples from the Barguzin range. It initiates in late Late Cretaceousearly Paleocene contemporaneously with the formation farther south and SE of the South Baikal Depression or the Eravna basin. Deformation appears localized on discrete faults and probably restricted, in the Baikal Rift Zone, to the South Baikal Depression and the Barguzin basin. This Late Cretaceous -early Paleocene extension episode suggests that there has been a continuum between the orogenic collapse of the Mongol-Okhotsk belt that leads to the formation of numerous grabens toward the SE and the initiation of the Baikal Rift Zone. It also implies that the initial driving mechanism for the formation of the Baikal Rift Zone is not a far-field effect of the India-Asia collision.
[71] 5. Finally, the apatite fission track data confirm the increase in tectonic activity in the Baikal Rift Zone around late Miocene-early Pliocene. This period is also marked by the onset of a strong compressive deformation in Goby Altay, Altay, and Sayan ranges due to the northward propagation of the compressive stress generated by the India-Asia collision. The conjunction between this new mechanism and the initial, postorogenic extension might explain the increase in tectonic deformation in the Baikal Rift Zone.
